Abstract: This paper reports the way for the synthesis of nanoplate VO 2 (B) particles with controlled morphology. Nanoplate VO 2 (B) particle was synthesized by hydrothermal method. Microstructure of VO 2 (B) particles were controlled by hydrothermal temperatures and use of Zn doping into VO 2 (B) matrix. The microstructure of the particles was shifted from nanowires to nanoplate morphology by changing of hydrothermal temperatures. The doping of Zn into VO 2 nanoparticles resulted in an effective achievement of VO 2 (B) phase. In addition, luminescence of VO 2 (B) nanoparticle was also controlled by the use Zn doping. These results suggest that the potential application of Zn doped VO 2 (B) particles for potential application in optical and energy techniques. 
Introduction
Let F denote a eld and let V denote a vector space over F with nite positive di pair A, A * of diagonalizable F-linear maps on V, each of which acts on an eigenbasi irreducible tridiagonal fashion. Such a pair is called a Leonard pair (see [13, De nitio A, A * is said to be self-dual whenever there exists an automorphism of the endomor swaps A and A * . In this case such an automorphism is unique, and called the dualit
The literature contains many examples of self-dual Leonard pairs. For instance (i) ated with an irreducible module for the Terwilliger algebra of the hypercube (see [4, C Leonard pair of Krawtchouk type (see [10, De nition 6.1]); (iii) the Leonard pair assoc module for the Terwilliger algebra of a distance-regular graph that has a spin model bra (see [1, Theorem] , [3, Theorems 4.1, 5.5]); (iv) an appropriately normalized totall (see [11, Lemma 14.8] ); (v) the Leonard pair consisting of any two of a modular Leon De nition 1.4]); (vi) the Leonard pair consisting of a pair of opposite generators for bra, acting on an evaluation module (see [5, Proposition 9.2] 
Vanadium oxide (VO 2 ) has received considerable attention as a host material applications in data display, electrochromic devices, optical and thermal switching, to sensing and actuation based on specific VO 2 polymorphs [1, 2] . In particular, different polymorphs of VO 2 is including VO 2 (B), VO 2 (M), VO 2 (R), VO 2 , VO 2 (C), VO 2 (D) [3] . For example, monoclinic phase, VO 2 (M) is an interesting metal oxide that possesses thermochromism due to crystalline phase transition at about 68°C [4, 5] . Doping of VO 2 (M) with W ion can be improved the thermochromism of materials significantly [6] . Another interesting polymorphs of VO 2 , the VO 2 (B) has been widely researched in recent years as a great potentials candidate for the cathode in lithium-ion batteries due to its layered structure, high energy capacity along with moderate work potential [7, 8] . VO 2 (B) metastable phase has a monoclinic layered structure (space group of C2/m) similar to that of V 6 O 13 [9] . Functionalization of VO 2 (B) with carbon has been reported for improving the supercapacitors of materials [10, 11] . Although the hydrothermal synthesis of VO 2 (B) are well documented, thus far, only a few papers have reported on the control the microstructure VO 2 (B) nanoparticles [12, 13] . In particular, to the best of our knowledge, no attempts have been made to synthesize VO 2 (B) nanoparticles with a controlling the microstructure and luminescence by hydrothermal methods, which would open up new potential application of VO 2 (B) research field. Therefore, this study proposes a way of controlling the phase, microstructure and luminescence the VO 2 (B) nanoparticles, which can be achieved by changing the hydrothermal temperature and applying Zn doping. Phase and microstructure VO 2 (B) nanoparticles were characterized by X-ray diffraction and field emission scanning electron microscopy (FE-SEM), respectively. The luminescence was determined by photoluminescence spectrometer. 
Experimental procedure
By changing experimental parameter in the hydrothermal process, different VO 2 morphology can be produced. [12, 15, 16] . It should be noted that intensity of XRD pattern peak was increased as hydrothermal temperature increase, suggesting that highly crystalline structure of VO 2 (B) could be obtained when a high hydrothermal temperature of 180-200°C was used.
Figures 2a-d show SEM image of VO 2 (B) nanoparticles synthesized by hydrothermal method with different temperatures. It can be seen that the VO 2 (B) nanoparticles had a nanowire shape when the VO 2 (B) was synthesized at hydrothermal temperature of 100-150°C (Figures 2a and  2b) . However, a plate-like shape of VO 2 (B) nanoparticle was observed when a high hydrothermal temperature of 180°C was used. The development of a plate-like shape of VO 2 (B) nanoparticle became more vigorous as increases hydrothermal temperature to 200°C. The variation in the morphology of VO 2 (B) nanoparticle with increasing in hydrothermal temperature observed in the present studies can be explained in terms of the higher nucleation density during the hydrothermal process. On the other hand, only VO 2 (B) was observed in the specimen when the mole fraction of Zn in range of 1-5% (Figures 3b-d) . When the mole fraction of Zn reached 8%, the XRD patterns showed all peaks corresponding to the crystalline VO 2 (B) with additional peak at 2θ = ~35.1° corresponding to the ZnV 2 O 4 (JCPDS, 750318) [17] . These results indicate that the VO 2 nanoparticles synthesized without and with the application of Zn doping had the preferential phase of VO 2 (B) phase. Figure 4 shows EDS analysis of Zn doped VO 2 (B) synthesis by hydrothermal method with 1% mole fraction of Zn. As shown in Figure 4 , peaks corresponding to the Zn element were observed, indicating the presence of the Zn in the VO 2 . In addition, a calculated atomic concentration of the Zn incorporated was 0.8%, which would be permeably suggested to the successful doping of Zn in to the host VO 2 . It can be seen that there are Si and Pt elements peak in the EDS spectrum because the Zn doped VO 2 (B) powders were attached on conductive Si wafer and Pt coating for SEM observation. Figure 5 shows morphology of Zn doped VO 2 (B) nanoparticles with various mole fraction of Zn. As shown in Figure 5 , irrespective of the mole fraction of Zn, the morphology of Zn doped VO 2 (B) nanoparticles display the same morphology. In other words, all the specimens show nanoplate microstructure with a smooth surface, as is often the case with VO 2 (B) synthesized without surfactance [18, 19] .
Microstructures of the VO 2 (B) and Zn doped VO 2 was further studied by TEM, as shown in Figures 6a and 6b . It can be seen that nanoplate microstructure are obtained for both VO 2 (B) and Zn doped VO 2 nanoparticles which are very consistent with the observation from SEM images, Figure 5 .
The survey XPS spectra of the VO 2 (B) are shown in Figure 7a . The elements C, O and V could be observed on the spectrum. The peaks for O and C are attributed to the O 2 , CO 2 or H 2 O absorbed in the sample. The peaks at 530.15 eV is assigned to the O1s. The V2p binding energies at ~516.57 and 523.7 eV are assigned to the characteristics of V 4+ oxidation state, which are consistent with the values of VO 2 (B) reported in the literature [20, 21] (Figure 7b) . Figure 8 shows luminescence of VO 2 (B) and Zn doped VO 2 (B) (1% mol Zn) nanoparticles under the excitation of the 325 nm. As shown in Figure 8 , the PL of VO 2 (B) showed a sharp band at ~361 nm which can be assigned to free-excition emission [22] . However, the PL of Zn doped VO 2 (B) showed the samples consist of ~361 nm bands with addition broad band at ~430 nm.
The luminescent occurring at 430 nm was attributed to the electric charge transfer, corresponding to the weak energy of V = O bond [23, 24] . Figure 9a shows luminescence of Zn doped VO 2 (B) with different Zn concentration under the excitation of the 350 nm. All the Zn doped VO 2 showed a broad band at ~430 nm, which can be attributed to the electric charge transfer, corresponding to the weak energy of V = O bond. However, it should be noted that the relative PL intensity of Zn doped VO 2 increased with the Zn concentration increases. Figure 9b shows the emission spectra of the Zn doped VO 2 with 5% mol Zn doping under different excitation wavelengths. Interestingly, when excitation wavelengths increased from 300 to 350 nm, the PL spectrum displayed one emission center at ~430 nm with an increase in the PL intensity. 
Conclusions
We herein demonstrated that the nanoplate VO 2 (B) nanoparticles could be obtained effectively by changing the hydrothermal temperature and Zn doping into VO 2 (B) matrix. In particular, the microstructure of the particles was shifted from nanowires to nanoplate morphology as changing the hydrothermal temperatures. Doping of Zn into VO 2 nanoparticles resulted in an effective achievement the VO 2 (B) phase. The luminescence of the VO 2 (B) particles was displayed strongest band at 361 nm, which was different from Zn doped VO 2 (B) particles. Zn doped VO 2 (B) emit dominant band at ~430 nm, which was attributed to the electric charge transfer. Thus, this approach showed promise technique to controlling the VO 2 (B) particles for potential application in optical and energy techniques.
